An increasing volume of evidence points to atmospheric pollution as an important factor in the causation of respiratory illnesses. Unfortunately studies of the effects of pollution on adults tend to be complicated by smoking habits, changes of occupation, changes of address, and changes in pollution levels over a period of years (Holland and Reid, 1965; Zeidberg, Prindle, and Landau, 1964) . Some of these complicating factors may be eliminated by careful selection of the subjects for study. Fairbairn and Reid (1958) , working with a sample of postmen, found that severe bronchitis causing permanent disablement and death was related to the frequency of fog, and, presumably, to the level of air pollution. Their data did not permit them to assess the relevance of smoking habits. Rosenbaum (1961) , working with a sample of national service men, was able to correlate the incidence of respiratory disease with their home locality before call-up. He suggested that the most likely factors in the situation were a lower resistance in those from industrial areas of the country and the acquisition of infection on leave.
A recent study on children by Douglas and Waller (1966) indicated a direct relationship between air pollution and lower respiratory tract infections in both boys and girls. No association was found between upper respiratory tract infections and air pollution. An earlier study by Toyama and Tomono (1961) on 10 and 11-year-old schoolchildren indicated that a group living in a highly-polluted industrial area had significantly lower peak flow rates and F.E.V. 0.,5 (forced expiratory volume in half a second) measurements than a group living in an unpolluted rural area; F.V.C. (forced vital capacity) measurements were not significantly affected.
The main purpose of the present study was to 7 compare respiratory illnesses amongst Sheffield children living in areas of the city with different atmospheric pollution levels. It was considered desirable to include objective data in the form of pulmonary ventilatory measurements and to eliminate as many complicating factors as possible by using a very young age group.
SELECTION OF THE STUDY AREAS
Pollution levels in Sheffield vary enormously in different parts of the city, partly because of the siting of industry in the North and East relative to the prevailing South and South-west winds and partly because the city varies in altitude from less than 200 to over 1,000 feet above sea level. Information about pollution levels is readily available, since both the University Geography Department and the Local Health Authority run a large number of sampling stations. It was possible, therefore, to select areas with quite distinctive pollution levels and for the most part to use pollution readings applicable to the exact areas in which the children lived. The children selected for the study comprised the whole first year infant intake of eight local authority schools in four contrasting areas. The positions of these schools in the city are shown in the Figure and the relative pollution data in Tables I and II (overleaf). FIGURE. (Southey Green) also housed the sampling station. They were drawn entirely from pre-war council housing. Mean daily pollution levels (Tables I and II) were in the region of 200 tLg./cu. (Tables I and II) were close to 300 Xtg./cu.m. for smoke and sulphur dioxide, and episodes in which daily figures exceeded 500 Fg./cu.m. were common for smoke (45 during 1964) and fairly common for sulphur dioxide (32 during 1964).
SELECnON OF THE CHILDREN
The sample consisted of all infants in their first year at the selected schools living in the surrounding council estates. In the case of the heavily-industrialized Attercliffe area, no council housing was available and the sample of first year infants from the selected schools came from a defined area immediately surrounding the schools. The mean age of the children at the time of examination was 5 years 4 5 months for boys and 5 years 4*4 months for girls with age ranges of one year.
At this age smoking habits and the occupational environment, two factors which complicate adult studies, could be disregarded. It was hoped that the restriction of the study to children of local authority tenants would minimize socio-economic differences between the study areas; subsequent Tables show that this equality was not entirely achieved. As the housing estates were all well established, it is likely that most of these young children had lived all their lives in the one area, and that the effect of migration, which might be serious in an older population could be disregarded.
At the same time a sample of 10 to 1 1-year-old children was studied in the same areas; the findings among these older children will be the subject of another report.
CoLLEcTIoN OF THE DATA All the data for the study were collected during the summer terms of 1963, 1964, and 1965 with a view to minimiing absences and any effects of acute respiratory illnesses upon the pulmonary ventilatory measurements.
A questionnaire to parents was sent out and returned via the school; 2 or 3 weeks later the children were examined in school and in nearly all cases a parent was present, so that queries arising from the questionnaire could be checked.
Information collected from parents covered a history of measles, whooping cough, asthma, pneumonia, and bronchitis; whether the child suffered from a persistent or frequent cough, more than three colds a year, earache or ear discharge, sore throats or tonsillitis; and whether colds usually went to the child's chest.
Inquiries into the home background concerned the numbers and ages of other persons in the house and the presence of "bronchitics", the size of house, sharing of the subjects' bed and bedroom, and employment of parents.
The examination consisted of palpating for enlarged tonsillar lymph glands, observing the presence or absence of a muco-purulent nasal discharge after each child had blown his nose into a paper handkerchief, examination ofthe eardrums for scarring or perforation, and examination of the tonsils. In addition, the school nursing sister recorded each child's height and weight and a doctor recorded the forced expiratory volume (F.E.V.) to a timing of 0 75 sec. and the forced vital capacity (F.V.C.) using a Poulton spirometer. Examination of the social class of the fathers demonstrated considerable differences (Table IV) . The highest proportion of semi-skilled and unskilled workers occurred in the Park area of council housing and not in the Attercliffe area of substandard Victorian housing as might have been expected. Greenhill, the council housing area with the least atmospheric pollution, had an excess of professional and intermediate classes and was deficient in semiskilled and unskilled classes. The number of children in the house also differed by area, there being an increasing proportion of houses with three or more children and a decreasing proportion with one or two children, from Greenhill to Longley, to Park, to Attercliffe (Table V) . The number of persons in the subjects' bedroom showed a similar pattern, except that there was a considerable excess of sharing by three or more persons in Attercliffe. Probably this was due to the smaller number of usable bedrooms available in the Victorian terrace housing (Table VI) .
The pattern of respiratory disease in each area could be influenced not only by the levels of atmospheric pollution but also by the socio-economic factors. In the next section, therefore, the contrasts between the areas will be examined first, and later Muco-purulent nasal discharge was present in 8-4 per cent. of the children and was over twice as common in Park and Attercliffe as in Greenhill and Longley. The differences were significant (P<0001). It should be stressed that the assessments were made during the summer terms so that the presence of a muco-purulent nasal discharge at this time was a fair indication of a chronic upper respiratory tract infection.
A history of three or more colds yearly was reported in 40 0 per cent. of the children. There was a lower proportion in Greenhill (less than 35 per cent.) than in the other three areas (about 45 per cent.) and this difference was significant (P<001).
Scarred or perforated eardrums were seen in 11 3 per cent. of the children. The assessment was only possible in 759 of the 819 children (92-7 per cent.) because wax in the auditory canal obscured the drums in a number of cases. The proportions of children in which an assessment could be made differed little by area (Greenhill 92 3 per cent., Longley 91-8 per cent., Park 96-2 per cent., Attercliffe 91-5 per cent.), and it was considered unlikely that comparison between the areas would be biased by the missing observations. The percentage of children with scarred or perforated eardrums showed a trend from area to area, being lowest (9 4 per cent.) in the least polluted area of Greenhill and rising in the progressively more polluted areas of Longley, Park, and Attercliffe to 107, 14 4, and 17 3 per cent. respectively. Although the trend was consistent, the differences between areas were not significant.
A history of a persistent or frequent cough was found in 30-6 per cent. of the children. The proportion with a positive history was over twice as high in Attercliffe (50 0 per cent.) as in Greenhill (22-9 per cent.), the Longley and Park areas giving intermediate figures of 36-1 and 34 6 per cent. respectively. 
X2=11-66;P<0-01
The differences between areas were significant monia or bronchitis) was found in 28 -7 per cent. of (P<0-00l).
the children. drums. better off in their socio-conomic conditions than An irregular significant association was found the dirtier areas, and the possibility exists that the between: relationship with pollution is incidental and not (e) Number of persons in the subjects' bedroom and contributory to the respiratory disease patterns. The influence of all these associations on the area (a) Social class with a history of persistent or differences was examined. Table XI shows XS= 10-40; P<0-02 Socio-economic Class IV anct v to Ama .. A §=Il-zv;r<u-uz Socio-economic Class II to Area A similar pattern was found for the other associations of socio-economic factors and disease; namely, the area differences persisted under fixed socioeconomic conditions, but the socio-economic differences were irregular and insignificant in individual areas.
(7) RESPIRATORY MEASUREMENT FINDINGS Measurements of F.E.V..75 and F.V.C. were adjusted to permit direct comparison of children of varying height. The technique has been fully described in an earlier article (Lunn, 1965 In theory, respiratory measurements could be affected by a history of persistent or frequent cough, colds going to the chest, and episodes of pneumonia and bronchitis. These possibilities were investigated and the findings are shown in Tables XV and XVI  (opposite). A history of persistent or frequent cough was associated significantly with a lowered mean F.E.V.0. 7 ratio (P<0 05) and the association was consistent within each area.
Similarly, a history of colds going to the chest was associated with a significantly lowered mean F.E.V.o 75 ratio (P<0001) and once more the association was consistent within each area.
Children with no past history of lower respiratory tract illness had higher F.E.V.0.75 ratios than children with a history of one or two episodes of lower respiratory tract illness. These children in turn had higher F.E.V.075 ratios than those with a history of three or more such episodes. The differences were significant (P<0001) and the differences between children with a negative and positive history of lower respiratory tract illness were consistent within each area.
The mean F.V.C. ratio findings were similar in pattern to the mean F.E.V.O.75 ratio findings when all areas were considered together (Table XVI) . Namely, a history of persistent or frequent cough, colds going to the chest, or episodes of lower respiratory tract illness was associated with reduced F.V.C. ratios. The reductions in F.V.C. ratio, however, were small and not significant, and examination ofthe data by separate areas showed a consistent reduction of F.V.C. ratio only in the case of children with past episodes of lower respiratory tract illness.
DISCUSSION
The findings in this study suggest that chronic upper respiratory infections (as measured by muco-purulent nasal discharge, a history of three or more colds yearly, and scarred or perforated eardrums) are influenced by area rather than by social class, number of children in the house, or sharing of bedrooms. Similarly, lower respiratory tract illness (as measured by a history of persistent or frequent cough, colds going to the chest, or episodes of pneumonia and bronchitis) are more affected by area than by the socioeconomic factors already mentioned. The major difference between the study areas was the level of atmospheric pollution and the severity of the pollution was reflected to a considerable extent in the upper and lower respiratory tract findings. In the absence of complicating factors such as employment, smoking habits, changes of address, and changing pollution levels over a long period of years, it is difficult to excuse atmospheric pollution as an important factor in the causation of the respiratory findings in these children.
So far as the lower respiratory tract findings are concerned, this study supports the picture previously described by Douglas and Waller (1966) but the upper respiratory tract findings show a relationship with pollution which was not apparent in the earlier study. A possible explanation lies in the different methods used to grade the children into pollution categories. In the case of the Sheffield children, the actual pollution measurements were known for the chosen areas, whereas in the earlier study the lack of pollution data necessitated a grading by coalconsumption categories. Although subsequent data have permitted mean values for smoke and sulphur dioxide to be ascribed to these categories, the variation within the categories must be considerable and may have influenced the results.
The respiratory measurement findings showed no association with area, social class, children in the house, and sharing of bedrooms, although Attercliffe, the area of highest pollution, showed reduced F.E.V.0.75 and F.V.C. ratios. On the other hand, very clear evidence of reduced F.E.V.0.75 ratios emerged where there was a past history of pneumonia and bronchitis, persistent or frequent cough, or colds going to the chest. It must be stressed that these findings relate to first year infant schoolchildren and that measurements were made during the summer term when pollution levels were low and acute respiratory infections few and far between. In other words, a pattern of respiratory disability had appeared at an early age and was sufficiently established to persist although the factors of pollution and infection were temporarily absent or at a low level. The findings underline the importance of an effective clean air policy and the importance of treating lower respiratory tract illnesses of young children early on and effectively. SUMMARY Data are presented on 819 infant schoolchildren living in areas of Sheffield with widely ranging air pollution levels. The majority of the children came from council housing estates and had lived in the same area for most of their lives.
Upper respiratory tract illnesses, measured in terms of muco-purulent nasal discharge and three or more colds yearly, showed an association with area which generally reflected the pollution levels. Illness was less common in the clean than in the dirty areas. Lower respiratory tract illnesses, measured in terms of persistent or frequent cough, colds going to the chest, and episodes of pneumonia and bronchitis, showed a similar pattern. In contrast to the area findings, socio-economic factors such as social class, number of children in the house, and sharing bedrooms appeared to have little influence upon respiratory illness amongst the children.
F.E.V. 0.7, and F.V.C. ratios were unaffected by socio-economic factors or by area, except for the most heavily-polluted district, Attercliffe, where a significant reduction was noted.
A past history of persistent or frequent cough, colds going to the chest, and pneumonia and bronchitis was associated in all areas with a reduction in the F.E.V.o.7, ratio. A similar but much weaker association occurred with the F.V.C. for the children as a whole but not in the individual areas.
The presence in infant schoolchildren of an association between atmospheric pollution and respiratory illness, and in turn an association between respiratory illness and impaired F.E.V.0.7, measurements, underlines the importance of an effective clean air policy and of treating lower respiratory tract illnesses in young children earlv and effectively.
